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Objective: Research of electroencephalograph (EEG) power spectrum and mean frequency has shown inconsistent results in 
patients with schizophrenic, schizoaffective and bipolar disorders during medication when compared to normal subjects thus; 
the characterization of these parameters is an important task 

Methods: We applied quantitative EEG (qEEG) to investigate 38 control, 15 schizophrenic, 7 schizoaffective and 11 bipolar disorder 
subjects which remained under the administration of psychotropic drugs (except control group). Absolute spectral power (ASP), 
mean frequency and hemispheric electrical asymmetry were measured by 19 derivation qEEG. Group mean values were compared 
with non parametrical Mann-Whitney test and spectral EEG maps with z-score method at yC<0.05. 
Results: Most frequent drug treatments for schizophrenic patients were neuroleptic+antiepileptic (40% of cases) or 2 neuroleptics 
(33.3%). Schizoaffective patients received neuroleptic+benzodiazepine (71.4%) and for bipolar disorder patients neuro- 
leptic+antiepileptic (81.8%). Schizophrenic (at all derivations except for Fpl, Fp2, F8 and T6) and schizoaffective (only at C3) 
show higher values of ASP (+57.7% and +86.1% respectively) compared to control group. ASP of bipolar disorder patients did 
not show differences against control group. The mean frequency was higher at Fp1 (+14 2%) and Fp2 (+17 4%) in bipolar disorder 
patients than control group, but no differences were found in frequencies between schizophrenic or schizoaffective patients 
against the control group. Majority of spectral differences were found at the left hemisphere in schizophrenic and schizoaffective 
but not in bipolar disorder subjects. 

Conclusion: The present report contributes to characterize quantitatively the qEEG in drug treated schizophrenic, schizoaffective 
or bipolar disorder patients. 
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INTRODUCTION 

Electroencephalograph (EEG) test applied in psychi- 
atric illness allows to diagnose from organic diseases/^ 
but its use as a biomarker for diagnosis, prognosis and 
treatment in psychiatric disease remains unclear, specially 
for patients under medication. About 30% of hospitalized 
psychotic patients had EEG abnormalities located at tem- 
poral lobes^^ or with epileptiform EEG abnormalities in 
about 2.6% of cases.^^ Manic patients have been reported 
to display abnormal EEG in few cases."^^ Several EEG 
studies have been conducted in schizophrenia^^ reporting 
increased beta, low power at slow frequency and reduced 
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main alpha power, but other reports did not show the same 
results^^ starting a denoted controversy about EEG alter- 
ations in schizophrenia.^^ 

An important neuropharmacological and ethical factor 
in the study of psychiatric diseases is the effects of medi- 
cations during the EEG test due to the potential induction 
of trace alterations however, quantitative EEG 
(qEEG) has been used to identify these changes in patients 
during treatment, to study cognitive and brain func- 
tions^ and for drug response evaluation. Some studies 
in schizophrenic patients reported decrease in delta,^^"^^^ 
theta or alpha^"^^ activities after neuroleptics administra- 
tion. In contrast, increase of delta,^'^^^ theta^'^^^ or al- 
pha^^'^^^ activities have been also reported during neuro- 
leptics administration. qEEG showed an increase of theta 
activity after neuroleptic administration in patients with 
schizophenia^^^ but was not confirmed. ^"^^ EEG changes in 
schizoaffective and bipolar disorders are even more 
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confusing/'^'^^'^^^ Thus, the effects of psychotropic medi- 
cation on EEG patterns in psychiatric patients are still con- 
troversial, even in our environment where schizophrenia, 
schizoaffective and bipolar disorders are the most fre- 
quent hospitalization cause. 

The effects of medication in addition to specific psychi- 
atric disease on EEG patterns are relevant issues and need 
to be clarified due to the high frequency of EEG evalua- 
tion in these patients. Many patients receive more than one 
drug and it is not always ethical to achieve drug washout 
for an EEG study. All these facts cause confusion in the in- 
terpretation of EEG patterns in these patients. The use of 
the power spectrum such as a qEEG parameter could help 
to clarify these patterns. 

METHODS 

Patients of any gender with age above eighteen from 
the database of the Department of Electroencephalo- 
graphy at the Psychiatric Hospital "Dr. Jose Ortega 
Duran" treated from January 2009 until September 2010 
with no more than 2 years from the diagnosis of schizo- 
phrenia, schizoaffective or bipolar disorders were in- 
cluded in our study. All patients fulfilled the International 
Statistical Classification of Diseases and Related Health 
Problems (ICD)^^^ criteria for schizophrenia, schizo- 
affective or bipolar disorder, at least 2 psychiatrists con- 
firmed the diagnoses. The study was authorized by the 
Hospital Bioethics Committee. qEEG traces from all psy- 
chiatric patients were obtained while undergoing conven- 
tional treatment with antipsychotics, benzodiazepines or 
anticonvulsants. Patients were not routinely screened for 
illicit drugs. Inclusion criteria for the control group pa- 
tients were age above eighteen, without history of mental 
illness, without medication and a normal EEG trace. Most 
of these control patients were referred by general practi- 
tioners as a part of a general medical evaluation. 

Recordings of qEEG were performed between 8:00 and 
10:00 hours without drug washout. The last medication 
was given the night before the study. In an electrical and 
sound shielded recording environment, monopolar 19 
leads (ear reference) and 10-20 electrode system were 
used. EEG signals (30 minutes total recording time) were 
recorded amplified, filtered (anti-aliasing; low pass at 0.5 
Hz; high pass at 100 Hz; notch on) and digitized at a sam- 
pling rate of 1 kHz, with >20 M^2 input impedance, 
1,200±3% ampHfication, 16 bits (0.06 jiV/bit) of vertical 
resolution, common rejection mode >80 dB for all chan- 
nels, overall noise < 4 |liV peak to peak and patient bias 



current typically 300 pA. Amplifiers were calibrated with 
500 juV peak to peak at 5 Hz and 50 juV peak to peak at 0. 1 
Hz (Medicid4™; Neuronic SA, La Habana, Cuba) to per- 
form the fast Fourier transformation (FFT) at 0. 1 Hz reso- 
lution in artifact- free traces. ASP (juV^.Hz ^) was com- 
puted every 30 seconds for the spectral band from 0 to 100 
Hz, which delivered the total amount of information, i.e., 
cumulated power from every 0. 1 Hz step contained at 0 to 
100 Hz frequency band.^'^^'^^^ Special effort was made to 
mark and to exclude EEG artifacts, i.e., electro-oculo- 
graph and blinking. EEG processing during closed eyes 
included frequency analysis and differential frequency 
brain maps generated using 8 sectors weighed nearest 
neighbor algorithm^^^ where the closest data point in each 
octant is found. The intersection is set to the average of 
these points weighed by Ix distance from grid inter- 
section-2. 

Frequency and ASP comparisons were evaluated with 
the distribution free Mann- Whitney U-test. EEG fre- 
quency and ASP maps were compared by z-score method 
where map value differences (point to point) are presented 
such as z values being z > 1 .96 statistically significant at 
Z7< 0.05. Hemispheric asymmetries were evaluated com- 





Number of 








Age* 


Disease duration* 


patients 


Controls 


38 (25/13) 


40.1 (29.0-47.7) 




Schizophrenics 


15 (4/11) 


37.6 (27.7-47.4) 


67.6 (15.3-174.1) 


Schizoaffectives 


7 (1/6) 


39.9 (31.8-39.6) 


53.9 (13.8-108.9) 


Bipolars 


11 (9/2) 


36.9 (30.6-47.1) 


59.3 (14.3-104.3) 


Total 


71 (39/32) 


38.6 (29.0-47.5) 





F, female; M, male. *Mecllan (percentile 25-75). 



paring group spectral power and frequency mean values at 
each EEG derivation between brain hemispheres by 
Mann- Whitney U test. Significance was set at to p values 
less than 0.05. 

RESULTS 

Patient Groups 

A total of 7 1 patients were recruited in the present study, 
control group (n=38), schizophrenic patients (n=15), 
schizoaffective patients (n=7) and bipolar disorder pa- 
tients (n=ll) whose gender, age and disease duration are 
presented in Table 1 . No significant differences between 
groups were found for age and disease duration. Most of 
the schizophrenic and schizoaffective patients displayed 



Table 1. Clinical characteristics for each patient group 
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negative symptoms at the moment of the EEG test. 

Patient Treatments 

Treatment for each patient group is presented in Table 
2, a combination of two drugs was administrated. For the 
schizophrenia patients the most frequent treatment was 
the combination of a neuroleptic with and antiepileptic 
(40% of the cases) or the combination of 2 neuroleptics 
(33.3%). Of the schizoaffective patients group, 71.4% re- 
ceived the combination of a neuroleptic with a benzodia- 
zepine. A neuroleptic with an antiepileptic was the most 
frequent drug combination (81.8%) for the bipolar dis- 
order patients. Specific drugs used for each patient group 
are presented in Table 3. Most used neuroleptics for schiz- 
ophrenia patients were olanzapine (25%) and quetiapine 
(25%), this drug was the most used in schizoaffective pa- 
tients (42.9%) and in bipolar disorder patients (70%). 
Valproate was the most used antiepileptic drug for schizo- 
phrenic (40%) and bipolar disorder (41.7%) patients. In 
the schizoaffective patient group clonazepam was the 
most used benzodiazepine (42.9%) and carbamazepine 
the most used antiepileptic (28.6%). 

EEG ASP between Patient Groups 

Fig. 1 presents the EEG ASP map from a typical control 



Table 2. Drug therapy received by patient groups 



Patient group 


Therapy 


Data 


Sclnizoplnrenia 


Neuroieptic+antiepiieptic 


6 (40.0) 




2 Neuroieptics 


5 (33.3) 




Neuroieptic+benzodiazepine 


3 (20.0) 




Neuroleptic+biperidene 


1 (6.6) 


Schizoaffective 


Neuroieptic+benzodiazepine 


5 (71.4) 




Neuroieptic+antiepiieptic 


2 (28.6) 


Bipoiar disorder 


Neuroieptic+antiepiieptic 


9 (81.8) 




Neuroieptic+iithium 


1 (9.1) 




Benzodiazepine aione 


1 (9.1) 



subject (A) and a schizophrenic patient (B) denoting the 
increased power values of the last one. The mean values of 
the ASP in the schizophrenic patient group were sig- 
nificant higher (p < 0.05) than those of control patients for 
all derivations except for Fpl, Fp2, F8 and T6 with a 
57.7±16.3% (meanistandard deviation) increased values. 
The significance, intensity and scalp distribution of these 
spectral power differences vs. control subjects are ex- 
pressed by the z-score map (Fig. 2D). In contrast, the 
schizoaffective patients showed statistical differences in 
this parameter compared with control subjects only at C3 
derivation with an 86.1±18.1% of increased value (Fig. 
2E). ASP of the bipolar patients was not statistically dif- 
ferent than that of control subjects (Fig. 2F). 

ASP of all derivations were added for all patients within 
each group to obtain the overall ASP value. Schizophrenic 
patients displayed significantly higher values (2,23 1.2± 



Table 3. Specific drug used by each patient groups 



Drug 


SPZ 


SAD 


BD 


Daiiy 
doses 
(mg) 


Oianzapine 


5 (25) 






10-20 


Quetiapine 


5 (25) 


3 (42.9) 


7 (70) 


200-900 


Chiorpromazine 


4 (20) 


1 (14.3) 




25-150 


Risperidone 


2 (10) 


2 (28.6) 


1 (10) 


2-6 


iHaloperidol 


2 (10) 




2 (20) 


3-10 


Trifluoperacine 


1 (5) 






20 


Aripripazoie 


1 (5) 


1 (14.3) 




30 


Vaiproate 


4 (40) 




5 (41.7) 


1,000 


Carbamazepine 


2 (20) 


2 (28.6) 


4 (33.3) 


400-600 


Clonazepam 


1 (10) 


3 (42.9) 




2 


Lorazepam 


1 (10) 






2 


Bromazepam 


1 (10) 




1 (8.3) 


6 


Diazepam 




2 (28.6) 


1 (8.3) 


5-15 


Biperidene 


1 (10) 






2 


Lithium 






1 (8.3) 


300 



Vaiues are presented as number (%). 
Percentage referred to the group. 



Upper panei corresponds to neuroieptics and iower panei other 
drug groups. 

Percentage vaiues in parenthesis are referred to the drug group. 
SPZ, schizophrenia; SAD, schizoaffective disorder; BD, bipoiar 
disorder. 
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Fig. 1. Representative mean absoiute 
spectrai power brain maps from a 
controi subject (A) and a schizo- 
phrenic patient (B) with an increased 
values. 
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Fig. 2. Differential z-score brair^ maps 
between controi group versus sclnizo- 
phrenic (A and D); schizoaffective (B 
and E) and bipoiar disorder (C and F) 
patient groups, for frequency domain 
(upper panei) and absoiute spectral 
power domain (lower panel). Red 
and orange colour areas are loca- 
tions with statistical significance (z> 
1.56 and p<0.05). White points re- 
present recording electrode locations 
on a vertex projection with the frontal 
pole up and left-right as seen on 
vertex projection. 
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Fig. 3. Overall absolute spectral power from each patient group. 
Values are mean+standard error. Difference between control 
and schizophrenic groups was statistically different (p<0.03). 
SPZ, schizophrenia; SAD, schizoaffective disorder; BD, bipolar 
disorder. 



1,092.0 iliVIHz ^) than control subjects (1,528. 1±782.1 
jiVlHz"^;7<0.03; t=2.28) which represented a 46% of 
increased power (Fig. 3). Despite that the ASP values 
show the tendency to be lower for schizoaffective and 
even lower for bipolar disorder patients, both values were 
not statistically significant (Fig. 3). 

The schizophrenic patients did not show statistical dif- 
ferences in ASP when compared to schizoaffective 
patients. The schizophrenic subjects showed statistical 
differences in ASP EEG compared with bipolar disorder 
patients only at 02 EEG derivation. 



EEG Frequency between Patient Groups 

The control subjects showed no statistical differences in 
mean frequency EEG compared to neither schizophrenic 
(Fig. 2A) nor schizoaffective patients (Fig. 2B), but 
showed statistical significant lower frequency compared 
to bipolar disorder patients at Fpl (5.43±1.35 vs. 6.20± 
0.81 Hz; M-WU=122.5; ;7=0.04) andFp2 (5.51±1.34 Hz 
vs. 6.47±0.71 Hz; M-W U=116.0; /7=0.03) see Fig. 2C, 
which represents a — 14.2% and — 17.4% lower values 
respectively. 

The schizophrenic subjects showed no statistical differ- 
ences in mean frequency EEG compared to schizo- 
affective patients, but show statistically significant lower 
frequencies (mean - 10.62%) at F3, C3, P3, P4, T4, T5, 
T6, FZ (M-W U=38 to 44; p < 0.04) than bipolar disorder 
patients. 

Pharmacological Treatment and EEG Frequency and ASP 

No statistically significant differences were found nei- 
ther between EEG frequencies nor ASP at any EEG deri- 
vation when compared groups of patients under combina- 
tions of neuroleptic+antiepileptic vs. 2 neuroleptics or 
neuroleptic+antiepileptic vs. neuroleptic+benzodiazepine, 
nor 2 neuroleptics vs. neuroleptic+benzodiazepine (p > 
0.5 for all comparisons, M-W U-test). 

Hemispheric Differences between Patient Groups 

Interhemispheric differences in mean ASP and mean 
frequency from patients within the same group and be- 
tween groups were further analyzed, and no statistically 
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significant hemispheric asymmetries were found neither 
in the control, schizophrenic, schizoaffective nor bipolar 
disorder patient groups. But when patient group maps are 
compared to control subjects (Fig. 2D, 2E) most sig- 
nificant differences are seen at left derivations for schizo- 
phrenic and schizoaffective patients but not found for bi- 
polar disorder patients. 

DISCUSSION 

The present study aimed to identify patterns of qEEG in 
schizophrenic, schizoaffective and bipolar disorder pa- 
tients under conventional combined psychotropic drug 
treatment. This scenario is frequent in clinical practice and 
raises issues about the theoretical pure test condition 
where the washout of pharmacological treatment should 
be done 24 to 72 hours before EEG test. In this study, we 
characterized the qEEG patterns in patients receiving drug 
combination treatment (without drug washout). At this re- 
spect, qEEG slow waves excess (delta and theta) consid- 
ered a robust organic sign of schizophrenia, have been 
found in medicated as well as in non medicated pa- 
tients.^'^" 

The risk of EEG abnormalities induced by anti- 
psychotic medication has been shown to be drug specif- 
ic,^^^ being those used in the present study of low 
(quetiapine 0%), moderate (risperidone 28%) and even 
high for olanzapine, that shows a risk lower than 39% of 
the cases.^^"^"^^ When present, EEG abnormality induced 
by neuroleptics shows an attenuation of beta frequency 
power^^'^^^ but this contrasts to another report where the 
influence of conventional antipsychotics on the EEG 
spectral power showed to be rather minimal.^^^ Consistent 
with this report, risperidone has rarely been associated 

22 28 29^ 

with severe EEG abnormalities. ' ' Mn the cases eval- 
uated here we did not find significant differences neither 
in frequency nor in ASP among two drug combination of 
antipsychotics, benzodiazepines or anticonvulsants, thus 
it is suggested that the differences reported between con- 
trol and psychiatric subjects are mainly induced by the 
specific disease, i.e., schizophrenia, schizoaffective or bi- 
polar disorders and less by the pharmacological treatment, 
this contrast to a previous report were qEEG differences 
were explained partially in terms of the psychotropic drug 
treatment and not of the specific psychiatric disease. 

The benzodiazepines have been reported to induce 
some EEG abnormalities probably due to their anti- 
convulsant effect, tendency to suppress epileptiform ac- 
tivity and induction of EEG slowing.^ ^ '^^^ However, in the 



present report, despite that benzodiazepines were admin- 
istrated to 20% of the schizophrenic, 71.4% of schizo- 
affective and 9.1% of bipolar disorder patients, we did not 
find (by far) any EEG frequency differences between 
these patient groups and control subjects. 

Mean frequency values between 4.0-7.5 Hz found in 
control, schizophrenic and schizoaffective groups did not 
show statistical differences among them for all EEG deri- 
vations, and are within the frequency range reported in 
previous studies.^^ 

Augmented low-frequency EEG power had been asso- 
ciated to schizophrenia patients with negative symp- 
toms,^"^^ regarding this, the vast majority of psychotic pa- 
tients evaluated in the present study did not show positive 
signs at the moment of the EEG test. Some authors re- 
ported that EEG power is reduced in schizophrenic pa- 
tients compared to the control subjects.^^^ Taken together; 
this contrasting result could be the product of different 
cortical electrical states associated to the presence of pos- 
itive or negative psychotic symptoms. Additionally, the 
ASP value used in the present study does not express the 
power of a specific EEG rhythm, instead is an overall 
power, i.e., integral of all bands a, P, 5 and 9 within the 
wide range from 0 to 100 Hz thus, overall basal power in- 
creases could enclose changes in specific rhythms, and 
could be associated to the severity of the psychiatric dis- 
ease as is suggested by the data presented on Fig. 3 and de- 
serves further investigation. 

The data of our study suggests left hemispheric asym- 
metries in schizophrenic and schizoaffective patients 
when compared to control subjects, which agrees with re- 
sults from other qEEG studies^^'^^^ and with methods with 
higher spatial resolution like functional magnetic reso- 
nance imaging. 

The present report contributes to clarify the EEG pat- 
terns associated to patients with psychiatric diseases un- 
der the most frequent drug medication and their combina- 
tions. 
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